ABSTRACT
INTRODUCTION
Nutritional rickets is a disease resulting from impaired bone mineralization due to insufficient calcium or phosphorus in growing children. It ranks as one of the five commonest diseases in children from developing countries and is still quite common in the Middle East and hypertrophy (7) in vitro. In human, Vitamin D deficiency has been shown to be associated with an increased incidence of left ventricular hypertrophy and congestive heart failure (8) . Although it has been reported that asymptomatic left ventricular dysfunction may develop in infants with vitamin D deficiency rickets (VDDR) and it improves with treatment, dilated cardiomyopathy and congestive heart failure are rare (9) .
There is increasing evidences that low vitamin D status may lead to immune dysregulation. Studies have shown defective macrophage function, such as impaired chemotaxis, phagocytosis, and increased production of proinflammatory cytokines in vitamin D deficiency (10) . Vitamin D supplementation improved cytokines profiles in animals (11) , patients with congestive heart failure (12) and human coronary arterial endothelial cells (13) . To date there is little evidence on the associations of 25(OH)D with indicators of inflammation and cardiac functions in rachitic infants. So, the aim of this work was to evaluate the effect of vitamin D deficiency on the inflammatory markers; interlukin-6 (IL-6) and C-reactive protein (CRP) and the left ventricular function in the rachitic infants. Also, we examined the effect of vitamin D supplementation on the above mentioned parameters. Moreover, we searched for potential correlations between 25(OH)D and IL-6, CRP and selected echocardiographic parameters.
MATERIALS & METHODS

Participants
This study included 40 infants with age range from 6 months to 2 years. 25 (14 boy and 11 girls) infants with vitamin D deficiency rickets (VDDR). 15 (9 boys and 6 girls) apparently healthy, age matched infants were studied as a control. Both patients and controls were recruited from Pediatric Outpatients Clinics and Pediatric Emergency department in Assiut University Children Hospital, Egypt.
The diagnosis of VDDR was based on a combination of clinical, radiographic and biochemical features of VDDR (14) . Exclusion criteria were previous history of heart disease or any other condition that affect cardiac functions, history of prematurity or intrauterine growth retardation, renal, liver, intestinal or central nervous system disease, family history of hereditary forms of rickets, treatment with vitamin D, malnutrition and anemia. The work was approved by the Assiut University Ethics Scientific Committee and an informed consent from the parents of infants had been performed.
At the study entry, blood samples were taken from all patients (VDDR group) and then received intramuscular injection of vitamin D (cholecalciferol) (600 000 IU) once and oral calcium lactate for 2 weeks followed by oral maintenance dose of vitamin D 400 unit/day for 6 months.
A) Biochemical analysis
Blood samples were drawn in the morning between 8 AM and 11 AM at baseline and at the end of the 6 months of treatment. After centrifugation at room temperature for 20 minutes, aliquots of the serum samples were frozen consecutively and stored at -20°C until analyzed.
The following biochemical parameters were measured using ELISA kits: IL-6 (AviBion Human IL-6 ELISA kit, Orgenium Laboratories, Finland), C-reactive protein (highly sensitive CRP ELISA Kit Monobind Inc., USA).
25-hydroxyvitamin D (25OHD) was measured using enzyme immunoassay (Immunodiagnostic Systems Inc., Fountain Hills, AZ) and intact parathyroid hormone (i-PTH) was measured using immunoassay (Immulite 1000, Diagnostic Products Corporation). Alkaline phosphatase was determined using Abbot Aeroset Autoanalyzer by spectrophotometric method. Ca and Ph levels were measured using routine laboratory tests.
B) Electrocardiographic Measurements
Resting12-lead electrocardiograms (ECG) studies were performed for all rachitic cases and interpreted in accordance with the patient's age and sex, and the QT segment was corrected for heart rate (QTc) (15) .
C) Echocardiography
After improvement of acute illness of studied cases, for all patients and controls, left ventricle functions were evaluated by echocardiography using Vivid 3, Aloka machines with transducers of 3.5,7 MHz. We used different 
RESULTS
The biochemical and echocardiographic variables of the two groups at the baseline are summarized in Table 1 After 6 months of treatment (shown in table 2), the serum Ca, Ph and 25(OH) vitamin D of the VDDR group were significantly higher (for all P<0.001) compared to the levels found at the baseline. Alkaline phosphatase, parathyroid hormone, IL-6 and CRP levels of VDDR participants after 6 months of treatment were significantly lower (for all P<0.001) compared to levels showed at baseline. All of these parameters return to normal levels and were not significantly different when compared to an age matched control group.
The echocardiographic variables; LVEDD and LVESD, were significantly lower (for both P<0.001) while EF% and FS% were significantly higher (for both P<0.001) when compared to the baseline levels. These variables were not significantly different compared to the age matched control group.
ECG of VDDR group showed T wave abnormalities in 3 cases and prolonged QT interval in 5 cases at the baseline. These changes disappeared after 6 months of vitamin D supplementation (data not shown).
Correlation analysis
Figures 1 (38) proposed that increment of proinflammatory cytokines tumor necrosis-α (TNF-α) and IL-6 are one of the pathophysiological mechanisms involved in heart disease with vitamin D deficiency.
DISCUSSION
In the present study, EF% and FS% were lower while LVEDD and LVESD were higher in VDDR group at the baseline and normalized after 6 months of treatment. EF% and FS% are the most commonly used parameters in the clinical evaluation of systolic functions of the left ventricle (39) . This indicated the presence of systolic dysfunction and poor left ventricular contraction at baseline that reach normal values after treatment. Also, increased LVEDD and LVESD signified the presence of dilated left ventricle among the studied subjects. The combination of dilated left ventricle and poor contractility of left ventricle implying dilated cardiomyopathy among VDDR subjects. Verma et al. (9) reported that VDDR caused asymptomatic left ventricular dysfunction that improves with treatment. They concluded that VDDR must the considered as an important curable cause for dilated cardiomyopathy among children especially in regions where nutritional rickets is still common.
Finally, our results demonstrated significant -ve correlations in VDDR group between Vitamin D and each of IL-6, CRP levels, LVESD and LVEDD at baseline and after 6 months of treatment. On the other hand, significant +ve correlations were observed between vitamin D and FS% and EF%. These results are in line with Eleftheriadis et al. 
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